STUDY QUESTION: Can asoprisnil, a selective progesterone receptor modulator, provide clinically meaningful improvements in heavy menstrual bleeding (HMB) associated with uterine fibroids with an acceptable safety profile?
Introduction
Uterine fibroids (leiomyomata) are the most common neoplasms in premenopausal women. The cumulative incidence is~80% and 70%, respectively, in black and white women, (Baird et al., 2003) , with a twoto three-fold increased risk for development of uterine fibroids in black versus white women (Stewart et al., 2017) . Approximately 20-50% of premenopausal women with uterine fibroids exhibit symptoms that may require clinical intervention (Buttram and Reiter, 1981) ; these symptoms include heavy menstrual bleeding (HMB), often associated with irondeficiency anemia (also called abnormal uterine bleeding due to leiomyoma [AUB-L]) (Stewart, 2001; Munro et al., 2011) and are the most common indication for hysterectomy (Carlson et al., 1993) .
The treatment of women with uterine fibroids is individualized based on symptoms, age, desire to preserve fertility and patient preference. Hysterectomy remains the mainstay of treatment of symptomatic uterine fibroids in the United States, accounting for >75% of all procedures (Borah et al., 2016) . Alternatives to hysterectomy include myomectomy, uterine artery embolisation, magnetic resonance-guided focused ultrasound and short-term pre-operative pharmacologic treatments (Stewart, 2001) .
Uterine fibroids respond to estradiol (E2) and progesterone (Carr et al., 1993) . Newer research suggests that progesterone and the progesterone receptor (PR) play a more important role, whereas E2 has a permissive role by stimulating PR synthesis (Chwalisz et al., 2005b; Bulun, 2013) . The most compelling evidence of the role of progesterone in uterine fibroid growth and development comes from studies showing that selective PR modulators (SPRMs; e.g. mifepristone, asoprisnil and ulipristal acetate) suppress uterine bleeding and reduce fibroid volume (Eisinger et al., 2003; Chwalisz et al., 2007; Wilkens et al., 2008; Donnez et al., 2012a; Ali and Al-Hendy, 2017) . Ulipristal acetate was approved initially in the EU and Canada as a pre-operative treatment for symptomatic uterine fibroids (Donnez et al., 2012a; 2012b) and, more recently, for the long-term management of symptomatic uterine fibroids using an intermittent treatment regimen (Donnez et al., 2014) .
Asoprisnil is a highly selective 11β-benzaldoxime-substituted SPRM with mixed PR agonist/antagonist activity (Elger et al., 2000; DeManno et al., 2003) . Compared with other SPRMs, including mifepristone and ulipristal acetate, asoprisnil showed a higher degree of progesterone agonist versus antagonist activity in animal models (Elger et al., 2000) . In cultured leiomyoma cells, asoprisnil inhibited proliferation and induced apoptosis, without similarly affecting myometrial cells (Chen et al., 2006; Sasaki et al., 2007) and down-regulated collagen synthesis (Morikawa et al., 2008) .
In a Phase 1 study, asoprisnil demonstrated dose-dependent suppression of menstrual bleeding without E2 deprivation (Chwalisz et al., 2005a) . In a subsequent 3-month, Phase 2 study in women with HMB associated with uterine fibroids, asoprisnil (5, 10 and 25 mg) suppressed HMB, reduced fibroid and uterine volume, improved hematological parameters in a dose-dependent manner, and had an acceptable safety and tolerability profile .
This report presents a pooled analysis of the two Phase 3 studies of asoprisnil in women with uterine fibroids and HMB. The objective of these studies was to evaluate the safety and efficacy of two oral doses of asoprisnil (10 mg and 25 mg once daily) compared with placebo over a continuous 12-month treatment period.
Materials and Methods

Study design
This report combines data from two randomized, double-blind, placebocontrolled, parallel-group, multicentre studies ( 
Ethical approval
The studies were approved by institutional review boards and conducted in accordance with the Declaration of Helsinki, Good Clinical Practice Guidelines and local and federal laws and regulations. An independent data safety monitoring board (DSMB) and panel of endometrial pathologists regularly reviewed safety.
Study population
Participants (N = 907 randomized) were premenopausal women ≥18 years of age who had regular menstrual cycles, defined as 21-42 days, and who agreed to use two forms of non-hormonal contraception throughout the studies. The presence of uterine fibroids with at least one of the following criteria was documented by ultrasound and magnetic resonance imaging (MRI): 1 submucosal fibroid with diameter ≥2.0 cm, 1 intramural fibroid with diameter ≥3.5 cm, 1 subserosal fibroid with diameter ≥3.5 cm, or multiple small fibroids with uterine volume ≥200 cm 3 . HMB was evaluated using a validated semi-quantitative menstrual pictogram (MP) method (Larsen et al., 2013) ; eligible women had an MP score >80 mL during the screening menstrual cycle or hemoglobin ≤10.5 g/dL at screening and day −1 and had no evidence of malignancy or premalignant changes in screening endometrial biopsies and Pap smears. Study participants were excluded if they were pregnant, were within three months postpartum, used an intrauterine device, had a previous myomectomy within one year or uterine artery embolization within six months of enrollment, or had a history of polycystic ovary syndrome, prolactinomas or malignancy. Additional exclusion criteria were the presence of intracavitary pedunculated fibroids or endometrial polyps (assessed via saline-infusion sonohysterogram) in participants with suspected intracavitary lesions on transvaginal ultrasound [TVU] or MRI), hemoglobin <8 g/dL on Day −1 and, in Study 1, a bone mineral density T-score at or below −2.5 at screening.
Efficacy endpoints
The primary efficacy endpoint was the proportion of women who met all of the following criteria at Month 12 or the final month for patients who prematurely discontinued: (1) reduction from baseline of ≥50% in MP score, (2) hemoglobin concentration ≥11 g/dL or increase of ≥1 g/dL from baseline, and (3) no surgical or invasive intervention for uterine fibroids (e.g. hysterectomy, myomectomy and uterine artery embolism) during treatment nor withdrawal from the study with the intention to have such an intervention. This endpoint was designed in consultation with the United States Food and Drug Administration as a surrogate measure of the avoidance of surgical intervention for HMB. Standardized cotton sanitary protection products (Kotex ® Super and Nighttime napkins; Tampax ® Regular, Super and Super Plus tampons) were provided throughout the studies. Secondary efficacy endpoints included the response rate for the primary efficacy endpoint at Month 6, monthly MP scores, number of days with bleeding or spotting, monthly rates of amenorrhea (i.e. no bleeding during that month), the percentage of participants with suppression of menses (i.e. no menses for ≥60 consecutive days during treatment after the end of randomization menses), maintenance of menses suppression, change from baseline in hemoglobin, hematocrit, ferritin, total iron binding capacity and iron, percentage change from baseline in the volume of each of the two largest fibroids and the uterus at Months 6 and 12, and the Uterine Fibroid Symptom and Quality of Life (UFS-QOL) (Spies et al., 2002) and Leiomyoma Symptom Assessment Questionnaire (LSAQ) . MRI was used to measure fibroid and uterine volume at screening, Month 6, Month 12, and the Month-6 follow-up visit. The primary fibroid was the largest fibroid based on volume.
Safety evaluation and endpoints
Adverse events (AEs) were recorded and evaluated throughout the studies. BMD was assessed (Study 1) in the lumbar spine by dual energy x-ray absorptiometry (DXA) at screening and at Month 12 in a subset of~300 women. A central service (DXA Resource Group, Inc., Worcester, MA, USA) evaluated DXA scans. Laboratory evaluations, including safety (general, hepatic, renal) and hematology parameters, were conducted at screening, baseline, and every 2 months during the treatment period. Hematology, iron and select endocrine parameters were also collected at the Month-3 follow-up visit. 
Endometrial assessments
Each endometrial biopsy (from screening, Months 6 and 12, and Month-3 post-treatment) was evaluated by two independent, central pathologists. If their diagnoses were abnormal or discrepant, a third central pathologist provided final arbitration. All readings were conducted blinded to the participant's treatment and to the other pathologist's diagnosis. The endometrial biopsy results were assessed according to diagnostic categories that were developed by the panel of expert endometrial pathologists specifically for asoprisnil clinical trials. Briefly, the diagnostic dictionary included two morphologic patterns that were considered specific for selective progesterone receptor modulator effects. 'Non-physiologic secretory pattern' referred to endometrial glands in which weak secretory changes were seen that were variable and incomplete, with basally oriented epithelial cell nuclei and minimal or no evidence of proliferation. 'Secretory pattern -mixed type' referred to glands with non-physiological secretory activity as above, with additional evidence of proliferative activity (less marked basal orientation of epithelial cell nuclei and more than 1 mitosis per 20 gland profiles). In both patterns, the stroma showed a variable degree of partial secretory differentiation. These categories were used in previous studies with asoprisnil (Chwalisz et al., 2005a Williams et al., 2007) and were later included as part of the progesterone receptor modulator associated endometrial changes (PAEC) spectrum (Mutter et al., 2008) .
Saline infused sonohysterogram (SIS) was performed in participants with suspected intracavitary lesions on TVU or MRI images at baseline or anytime during the studies. MRI and SIS images were evaluated by blinded, independent central readers (WorldCare Clinical Inc., Cambridge, MA, USA). When indicated, hysteroscopy, dilation and curettage (D&C), and polypectomy were performed to evaluate imaging changes suggestive of a polyp, endometrial thickness ≥19 mm or unsatisfactory endometrial biopsies. Tissue samples obtained during these procedures were evaluated by both local and central pathologists.
Randomization
Eligible women (N = 907) were randomized using a computer-generated randomization chart with a fixed block size of 5 in a 2:2:1 ratio to receive oral asoprisnil 10 mg (n = 370), asoprisnil 25 mg (n = 364) or placebo (n = 173). The study drug was dispensed in blister packs, each with an attached blinded label. Dosing began within the first 5 days of the onset of the woman's menstrual period and continued once daily for 12 months. Participants, site personnel and the sponsor remained blinded to treatment assignment throughout, including the post-treatment follow-up. At study completion, eligible women could enroll in a 12-month, open-label extension study; women who were ineligible or declined participation in the extension study were followed for 6 months thereafter to allow for the assessment of return to menses and regrowth of leiomyomata. Prohibited medications are listed in supplementary Table SII. Hormonal treatment before study initiation required predefined washout periods (2-12 months, depending on the drug). Women with anemia received iron supplementation to normalize hemoglobin and serum ferritin levels.
Statistical analyses
To calculate the primary endpoint, the modified intent-to-treat (mITT) set was pre-specified in the statistical analysis plan. All women in the mITT set had complete baseline and treatment period data related to calculating the primary endpoint and either (a) were on treatment for at least 30 days or (b) discontinued prior to Day 30 to have surgery for fibroids. In the case of discontinuation to have surgery for fibroids, the woman was considered a non-responder. Pooled efficacy analyses are presented for this mITT set (placebo, n = 153; asoprisnil 10 mg, n = 321; asoprisnil 25 mg, n = 317).
Pairwise comparisons of the primary and secondary efficacy endpoints at the participant's final visit and 6 months, respectively, were performed using the Fisher exact test, using the Hochberg multiple comparison procedure to control the Type I error rate. The mean change from baseline in monthly MP scores, number of days with bleeding, and bleeding or spotting each month were analyzed using an analysis of covariance (ANCOVA) model. Changes in hemoglobin levels were analyzed using a 1-way ANCOVA with treatment as a factor and baseline level as a covariate. UFS-QOL and LSAQ total and subscale scores were analyzed using the generalized Cochran-Mantel-Haenszel mean score test with baseline score as strata. The percentage change in fibroid and uterine volume was analyzed with a 1-way Kruskal-Wallis analysis with treatment as a factor. Percentages of participants with incremental amenorrhea were compared using the Fisher exact test. Most efficacy analyses were based on changes from baseline to the last assessment, i.e. using the last observation carried forward methodology.
The safety population included all participants who received at least one dose of the study drug. AEs and endometrial biopsy results for all participants were summarized by treatment group; pairwise between-group comparisons were performed using the Fisher exact test. Endometrial thickness, hematology, chemistry, urinalysis and endocrine parameters were summarized descriptively; changes from baseline to each study visit were analyzed using an analysis of variance (ANOVA) model with treatment as a fixed factor and pairwise comparisons were assessed within this model. Safety evaluations are unadjusted for multiple comparisons, and nominal P values are reported.
A sample size of~375 participants per study (150 participants in each of the asoprisnil 10-and 25-mg arms, respectively, and 75 participants in the placebo arm) would give 90% power to detect a difference between the placebo group and asoprisnil groups assuming rates of 25% and 50%, respectively, for the primary endpoint based on a two-sided α = 0.05 significance level.
Data sharing
AbbVie is committed to responsible data sharing regarding the clinical trials it sponsors. This includes access to anonymized, individual and trial-level data (analysis data sets) as well as other information (e.g. protocols and Clinical Study Reports), as long as the trials are not part of an ongoing or planned regulatory submission. This includes requests for clinical trial data for unlicensed products and indications.
These clinical trial data can be requested by any qualified researchers who engage in rigorous, independent scientific research, and will be provided following review and approval of a research proposal and Statistical Analysis Plan (SAP) and execution of a Data Sharing Agreement (DSA). Data requests can be submitted at any time and the data will be accessible for 12 months, with possible extensions considered. For more information on the process, or to submit a request, visit the following link: https://www. abbvie.com/our-science/clinical-trials/clinical-trials-data-and-informationsharing/data-and-information-sharing-with-qualified-researchers.html.
Results
Study population
Most participants completed the studies (73%; Fig. 1 ). The proportions of women who withdrew were higher in the placebo arm (36%) than in the asoprisnil 10-mg (24%) and 25-mg (26%) arms. AEs were the most common reason besides 'other' reasons for discontinuation in the asoprisnil arms in both studies and in the placebo arm for Study 2 ( Fig. 1 and supplementary Table SIII ). The population in the posttreatment follow-up period included only the 238 women who did not enroll in the extension study.
Most participants were black and were 40 years of age or older (Table I) . Participant characteristics, fibroid-related characteristics and hematologic parameters did not differ significantly between groups. Exclusion of randomized patients from primary endpoint analysis due to an MP score ≤80 mL and hemoglobin level >10.5 g/L during screening occurred in small proportions of women in the placebo (6%), asoprisnil 10-mg (5%) and asoprisnil 25-mg (4%) arms.
Efficacy endpoints
In all, 90% and 93% of women in the asoprisnil 10-mg and 25-mg groups, respectively, met the primary efficacy endpoint compared with 35% of women in the placebo group (P < 0.001; Table II) . Similar results were observed at Month 6 (P < 0.001; Table II ).
Menstrual bleeding parameters
The mean monthly blood loss (MBL), or MP score, was consistently and significantly (P < 0.001) reduced to <21 mL and <13 mL by asoprisnil 10 and 25 mg, respectively, versus placebo in Month 1 through to Month 12 of treatment ( Fig. 2 ; Table II ). There were also significant (P < 0.001) reductions in the number of days with bleeding (Table II) and in the number of days with bleeding or spotting (supplementary Fig. S1 ) in both asoprisnil groups throughout treatment. Monthly amenorrhea rates (Fig. 3) and suppression of menses rates (Table II) were significantly higher (P < 0.001) for both asoprisnil groups. After stopping treatment, 73-87% and 53-66% of women treated with asoprisnil 10 mg and asoprisnil 25 mg, respectively, experienced return of menses within 1 month across the studies. Mean MBL during the first post-treatment menses was similar to baseline in both the asoprisnil 10-mg and 25-mg groups and in the placebo group, indicating a return toward baseline HMB (supplementary Table SIV ).
Hematologic and iron parameters
Hemoglobin and other hematologic parameters increased rapidly in the asoprisnil groups and were sustained throughout treatment. The mean increases from baseline at Month 6 and Month 12 were significantly greater (P < 0.001) with the asoprisnil groups compared with placebo (Table II and supplementary Table SV ).
Fibroid and uterine volume
Compared with baseline, the volume of the primary fibroid was significantly reduced in women receiving asoprisnil (10 or 25 mg) versus placebo at 6 and 12 months (P < 0.001 ; Fig. 4) ; this effect was maintained post-treatment. Median changes from baseline in primary fibroid volume at post-treatment Month 6 were up to −45% with asoprisnil 10 mg and −54% with asoprisnil 25 mg versus up to 44% with placebo. Median changes in uterine volume were as large as −28% with asoprisnil 10 mg and −39% with asoprisnil 25 mg at Month 6 and Month 12 versus 13% with placebo (P < 0.001). Uterine volume reductions were substantially maintained post-treatment, especially in the asoprisnil 25-mg group; median changes from baseline in uterine volume at posttreatment Month 6 were up to −6% with asoprisnil 10 mg and −29% with asoprisnil 25 mg versus -25% to 50% with placebo.
Patient-reported outcomes
The UFS-QOL symptom severity score and health-related quality-oflife (HRQL) total score at Month 6 and Month 12 were significantly improved in women treated with asoprisnil versus placebo (P < 0.001; Table II ). All six HRQL subscales showed similar results (supplementary Tables SVI and SVII). Significant improvements in bloating, pelvic pressure and dysmenorrhea as measured by LSAQ were observed by Month 2 for both asoprisnil groups compared with placebo, and these effects were maintained through Month 12 (P < 0.001; supplementary Table SVIII ).
Safety and tolerability
General safety
The percentage of women who reported ≥1 AE was similar among groups (Table III) . Hot flushes occurred more frequently in the asoprisnil groups and were significantly increased with the 25-mg dose compared with placebo (14% vs 7%; P < 0.05). Other AEs were infrequent, but bladder and urethral symptoms and myalgias were significantly increased with asoprisnil treatment, while menstrual symptoms and nonspecific muscle symptoms were decreased, compared with placebo. No pregnancies occurred in asoprisnil-treated women.
Heavy menstrual bleeding (reported as uterine hemorrhage; asoprisnil 10 mg, n = 1; asoprisnil 25 mg, n = 1) and cholecystitis (asoprisnil 10 mg, n = 2) were the only serious AEs experienced by more than one woman in either study. All AEs leading to discontinuation are presented in supplementary Table SIII ) discontinued because of isolated increases in total bilirubin. In most women, the increases in liver enzymes were mild (2-3× the upper limit of normal) and transient; none of these events was associated with an increase in total bilirubin or symptoms. Table SIX . SPRM-specific categories ('non-physiologic secretory effect' and 'secretory pattern, mixed type') were significantly increased with asoprisnil treatment at 6 and 12 months and ranged between 8% and 19% (placebo 1-4%), with no differences between asoprisnil doses. With asoprisnil treatment, there was a dose-and time-dependent decrease in the frequency of diagnoses consistent with active proliferation, with 'inactive' endometrium being the dominant diagnosis (28-32%) at Month 12 of treatment, compared with placebo (3%). There were two adverse endometrial findings: one woman, who had a history of endometrial hyperplasia, was diagnosed with complex hyperplasia without atypia at the Month 6 biopsy (asoprisnil 10 mg), and a second woman (asoprisnil 25 mg) was diagnosed with low-grade endometrial adenosarcoma in an endometrial polyp at Month 9. Both of these changes were seen in the setting of an increase in endometrial thickness. Placebo, n = 150; asoprisnil 10 mg, n = 338; asoprisnil 25 mg, n = 333. c Asoprisnil 10 mg, n = 366; asoprisnil 25 mg, n = 362. d Placebo, n = 171; asoprisnil 10 mg, n = 363; asoprisnil 25 mg, n = 359. e Placebo, n = 171; asoprisnil 10 mg, n = 362; asoprisnil 25 mg, n = 356. Hemoglobin <12 g/dL was considered to indicate anemia.
Endometrial assessments Endometrial biopsy results. Endometrial biopsy results are presented in supplementary
focal endometrial lesion, which suggests a potential pre-existing condition (supplementary Tables SX and SXI) .
In the limited population of women who entered the posttreatment follow-up period, the endometrium of the vast majority of asoprisnil-treated women returned to normal cyclic physiologic patterns by post-treatment Month 3 (supplementary Table SIX ). Only 5% and 2% of women treated with asoprisnil at post-treatment Month 3 follow-up were diagnosed with 'non-physiologic secretory effect' and 'secretory pattern, mixed type,' respectively.
Changes in endometrial thickness and texture. There was no significant increase in mean endometrial thickness at Months 4 and 8 in both asoprisnil groups compared with placebo when measured with TVU (supplementary Table SX ). However, there was a slight but significant (P < 0.01) increase from baseline (~2 mm) at Month 12 in women receiving asoprisnil compared with placebo when measured with MRI (supplementary Table SXI thickness ≥19 mm at Month 8 and the presence of cystic changes (mostly endometrial cysts and polypoid changes), which somewhat mimicked imaging findings of endometrial hyperplasia (supplementary Table SXII ). These changes contributed to the notable increase in the rate of invasive diagnostic and therapeutic procedures, including hysteroscopy, D&C and polypectomy, in the asoprisnil groups (7-10%) after Month 8 compared with the placebo group (0%).
Laboratory safety parameters
No clinically meaningful changes in general chemistry, renal, and hepatic parameters were observed with asoprisnil treatment. There was little change in total cholesterol associated with asoprisnil treatment; however, asoprisnil significantly reduced high-density lipoprotein cholesterol in a dose-and time-dependent manner (supplementary Table SXIII ).
Endocrine and bone parameters
A modest, dose-dependent inhibitory effect of asoprisnil on basal FSH and LH was observed at Month 12 (supplementary Table SXIV ).
There was a dose-dependent reduction over time in E2 (supplementary Fig. S2 ) and E1 in asoprisnil groups. However, most E2 levels remained in the early follicular phase range. Total testosterone, androstenedione and SHBG decreased slightly but significantly more from baseline with either asoprisnil dose versus placebo at 6 and 12 months (supplementary Table SXIV ). No significant differences in the mean percentage BMD change from baseline to Month 12 were observed with asoprisnil treatment compared with placebo (Study 1).
Discussion
In these two randomized, placebo-controlled studies, uninterrupted treatment with asoprisnil for 12 months effectively controlled HMB, improving anemia, quality of life, and non-bleeding symptoms, and reducing the fibroid and uterine volumes in women with HMB and fibroids. The primary endpoint was achieved in ≥90% of women treated with asoprisnil compared with 35% of women in the placebo group. The effects were rapid, dose dependent, and maintained during the entire treatment period, with amenorrhea rates ranging between 66% and 93% and low occurrence of breakthrough bleeding or spotting. The effects of asoprisnil on HMB reversed after stopping treatment.
These results are consistent with other SPRMs, including mifepristone and ulipristal acetate (Murphy et al., 1993; Kettel et al., 1994; Donnez et al., 2012a Donnez et al., , 2014 , and with earlier asoprisnil studies (Chwalisz et al., 2005a Wilkens et al., 2008) . However, amenorrhea rates in the present studies seem higher than with ulipristal Figure 2 Mean menstrual pictogram score in mL (modified intent-to-treat population). BL = baseline. *P < 0.001 statistically significant difference for asoprisnil 10 mg or 25 mg versus placebo for change from baseline, using the Hochberg multiple comparison procedure with an initial critical P = 0.05 (from the Fisher exact test). Error bars represent 2× the standard error of the mean. MedDRA preferred terms Placebo (n = 173) Asoprisnil 10 mg, (n = 370) Asoprisnil 25 mg, (n = 364) n (%) n (%) n (%)
Total participants with ≥1 adverse event, n (%) 145 (84) 337 (91) 321 (88) Upper respiratory tract infections 44 (25) 92 (25) 94 (26) Acute sinusitis, laryngitis, nasopharyngitis, pharyngitis, rhinitis, sinusitis, tonsillitis, upper respiratory tract infection Headaches NEC 44 (25) 102 (28) 92 (25) Headache, sinus headache, tension headache
Musculoskeletal and connective tissue signs and symptoms NEC 31 (18) 84 (23) 70 (19) Back pain, chest wall pain, flank pain, musculoskeletal discomfort, musculoskeletal stiffness, neck pain, nodule on extremity, pain in extremity, sensation of heaviness, shoulder pain Peripheral vascular disorders NEC 12 (7) 35 (9) 52 (14) a Flushing, hot flush Nausea and vomiting symptoms 20 (12) 48 (13) 32 (9) Nausea, vomiting
Vulvovaginal signs and symptoms 16 (9) 36 (10) 39 (11) Genital pruritus female, postcoital bleeding, vaginal burning sensation, vaginal discharge, vaginal lesion, vaginal odor, vaginal pain, vulvovaginal discomfort, vulvovaginal dryness
Breast signs and symptoms 10 (6) 39 (11) 24 (7) Breast discharge, breast discomfort, breast engorgement, breast pain, breast swelling, breast tenderness, nipple pain Continued acetate, particularly in the US population (Soper et al., 2017) . This increased efficacy may be related to our hypothesis that asoprisnil controls HMB via a dual mechanism by directly affecting the endometrium and indirectly inhibiting ovulation (Chwalisz et al., 2005a) . Subsequent mechanistic studies have suggested that the endometrial effect of asoprisnil occurs via suppression of the uterine NK cells that regulate the function of spiral arteries (Wilkens et al., 2013) . We also observed significant, progressive reduction in fibroid and uterine volumes, with slow regrowth of uterine fibroids after stopping treatment, which could be due to the selective antiproliferative, proapoptotic effects and inhibition of extracellular matrix formation in uterine fibroids by asoprisnil Sasaki et al., 2007; Morikawa et al., 2008) or other effects including the reduction in uterine blood flow (Wilkens et al., 2008) . Similarly, durable reduction of fibroid volume was observed after short-term treatment with ulipristal acetate (Donnez et al., 2014) .
Treatment with asoprisnil for up to 12 months was not associated with any general safety issues, including hepatic safety. No cases of liver injury were reported during these placebo-controlled studies. The small increase in the rate of hot flushes (Table III) could be attributed to the reduction in E2 levels. The BMD evaluation (Study 1) revealed no significant changes versus placebo at Month 12.
At no point throughout the studies did the endometrial biopsy results, which were thoroughly monitored by both the endometrial pathology safety panel and DSMB, raise any safety concerns. The endometrial effects induced by asoprisnil in endometrial biopsies were viewed as unique but benign changes.
In these studies, treatment with asoprisnil was associated with a time-dependent progression of endometrial changes on both endometrial biopsies and images, becoming clinically evident after ≥8 months of treatment (supplementary Tables SX to SXII), which led to an increase in diagnostic and therapeutic procedures. Both the endometrial biopsy results and textural change on TVU and MRI images seemed to reverse after stopping therapy at Month 3 of the follow-up period, with resumption of menses.
A strength of this study is the high percentage of black women, whose disease course is earlier and more severe compared with white women (Baird et al., 2003; Huyck et al., 2008; Jacoby et al., 2010; Laughlin et al., 2010; Bulun, 2013) . Additionally, the HMB was severe, with mean and median MBL of >260 mL and~200 mL, respectively. Additional strengths include use of validated sanitary products for bleeding assessments, thorough endometrial assessments involving expert endometrial pathologists, and the use of MRI to assess changes in fibroid and uterine volumes. A major weakness was limited followup data because most patients transferred to the open-label, uncontrolled long-term extension study; this is described separately (Diamond et al., submitted for publication, 2019). Additionally, hematologic analyses could be confounded by iron supplementation to normalize hemoglobin levels. Finally, although the current sponsor is committed to publication of all its interventional clinical trials conducted in patients, reports of these trials conducted >10 years ago had been delayed for multiple reasons including multiple changes in sponsor and indeterminate development plans. Despite this delay, these data are clinically important because they represent the only studies with an SPRM that used a continuous (uninterrupted) treatment regimen for 12 months.
In summary, asoprisnil treatment was highly effective in controlling bleeding, improving anemia, reducing fibroid and uterine volume, and increasing quality of life in women with HMB associated with uterine fibroids. The safety profile, including hepatic function, was acceptable. However, uninterrupted treatment with the SPRM asoprisnil may pose a safety concern because of the unknown long-term endometrial effects. of the trial investigators and the women who participated in these trials. MedDRA preferred terms Placebo (n = 173) Asoprisnil 10 mg, (n = 370) Asoprisnil 25 mg, (n = 364) n (%) n (%) n (%) Edema NEC 9 (5) 12 (3) 9 (2) Generalized edema, edema, edema peripheral, pitting edema
Reproductive tract signs and symptoms NEC 8 (5) 20 (5) 14 (4) Genital rash, hydrometra, pelvic pain, premenstrual syndrome MedDRA = Medical Dictionary for Regulatory Activities; NEC = not elsewhere classified. Most frequent was defined as those high-level terms reported by ≥5% of participants in any treatment group. Includes all adverse events from the start of the study drug through 30 days postdosing. a P < 0.05 statistical significance vs placebo, using the Fisher exact test. b P < 0.001 statistical significance vs placebo, using the Fisher exact test. c P < 0.01 statistical significance vs placebo, using the Fisher exact test.
